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[57] ABSTRACT 

A method of manufacturing a multi-panel liquid crystal 
display device prepared by connecting a liquid crystal 
multi-panel having a plurality of display surfaces to a 
reinforcing substrate includes the steps of: (a) forming a 
pattern of a seal material on at least one of a surface of the 
liquid crystal multi-panel and a surface of the reinforcing 
substrate; (b) connecting the liquid crystal multi-panel and 
the reinforcing substrate via the seal material; (c) injecting 
a bonding material into a spacing formed by the liquid 
crystal multi-panel, the reinforcing substrate and the seal 
material; and (d) hardening the bonding material. The 
described method permits the amount of use of the bonding 
material required for connecting the liquid crystal multi 
panel and the reinforcing substrate to be minimized. As a 
result, the need of Wasting or re?ning the excessive bonding 
material can be eliminated, thereby reducing a manufactur 
ing cost. 

28 Claims, 17 Drawing Sheets 
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SEALED MULTI-PANEL LIQUID CRYSTAL 
DISPLAY DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

FIELD OF THE INVENTION 

The present invention relates to a multi-panel liquid 
crystal display device prepared by connecting a plurality of 
liquid crystal panels and a method of manufacturing the 
same. 

BACKGROUND OF THE INVENTION 

Recently, there is an increasing demand for a high 
de?nition large-screen display Which is lighter, thinner and 
less-poWer-consuming for use in a TV set representing AV 
systems intended for home use or OA systems. To meet this 
demand, the development of the large-screen displays 
including a CRT (Cathode Ray Tube), an LCD (Liquid 
Crystal Display), a PDP (Plasma Display Panel), and EL 
(Electroluminescent) display, and an LED (Light Emitting 
Diode) all have be proceeding toWard practical use. 

The the liquid crystal display devices have advantageous 
features over other display devices in that liquid crystal 
display devices have the least depth (thickness); consume 
less poWer; and easily display full color images. Thus, liquid 
crystal displays have been applied to various ?elds, and the 
development of practical large-screen liquid crystal display 
devices has long been expected. 

HoWever, it is knoWn that the mortality rate of liquid 
crystal display devices increases When the screen thereof is 
upsiZed. This is because of signal disconnection or imperfect 
pixels created during the manufacturing process. In addition, 
high cost is required due to the complicated process for 
manufacturing large-screen liquid crystal displays. 

In order to eliminate these problems, multi-panel liquid 
crystal display devices have been proposed in Which a large 
screen is provided by electrically and mechanically inter 
connecting a plurality of small substrates in a side-by side 
array. Aproblem arises, hoWever, in that the joints betWeen 

HoWever, When adopting the described liquid crystal 
display devices of the multi-panel display system, a problem 
arises in that the joints betWeen the liquid crystal panels 
stand out due to a leakage of light through the mechanical 
connections betWeen the sides of the substrates forming the 
array. Therefore, techniques for making these joints dif?cult 
to see are required in order to realiZe liquid crystal display 
devices Which offer natural large screen images. 

To achieve this a multi-panel liquid crystal display device 
in Which the joints do not stand out has been proposed in 
Japanese Unexamined Patent Publication No. 122769/1996 
(Tokukaihei 8-122769). FIG. 15 is a plan vieW shoWing a 
schematic structure of a liquid crystal display device 151 of 
the above publication. FIG. 16 is a cross-sectional vieW of 
the liquid crystal display device 151 taken along lines X—X. 

The liquid crystal display device 151 has a plurality of 
active matrix liquid crystal panels 152. For simplicity of 
explanation, the folloWing discussion Will be limited to the 
interrelationship of tWo liquid crystal panels 152. It should 
be understood, hoWever, that this discussion is included by 
Way of illustration only, and that the interrelationships of the 
other adjacent pairs of liquid crystal panels is similar to the 
exemplary panel pair discussed beloW. 

The liquid crystal panel 151 includes a TFT substrate 153 
and a CF (color ?lter) substrate 154. The TFT substrate 153 
and the CF substrate 154 are transparent glass substrates. On 
the TFT substrate 153, thin ?lm transistors (not shoWn) are 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
formed in a matrix. On the CF substrate 154, color ?lters 
154a are formed in a matrix. By the described arrangement, 
an active matrix color liquid crystal panel 152 is realiZed. On 
the CF substrate 154, a black matrix (BM) 154b for sepa 
rating respective pixels is formed. The black matrix 154b is 
made of a light absorbing ?lm Which shoWs a black color by 
absorbing light. 
The described TFT substrate 153 and the CF substrate 154 

are connected by a seal section 155 formed along the 
periphery thereof. Further, a liquid crystal 156 is sealed 
betWeen the TFT substrate 153 and the CF substrate 154. 

The liquid crystal panels 152 are connected by the bond 
ing material 158. The liquid crystal panels 152 are connected 
on a large reinforcing substrate 157 also by the bonding 
material 158. As a result, the liquid crystal panels 152 are 
adj acently connected on the same plane. 

For the bonding material 158 a transparent ultraviolet ray 
setting bonding material Which is accelerated to be hardened 
With an application of an ultraviolet ray may be adopted. The 
bonding material 158 has the same refraction factor as the 
tWo glass substrates Which constitute the TFT substrate 153 
and the CF substrate 154. As a result, light, passing through 
the connecting section can be prevented from being 
refracted, re?ected or scattered, thereby achieving unnotice 
able joints. 
On the entire outer surface of the reinforcing substrate 

157, a polariZing plate (polarizing element) 159 is formed. 
On the entire outer surface of the liquid crystal panels 152, 
a polariZing plate (polariZing elements) 160 is formed. The 
respective polariZing axes of the polariZing plates 159 and 
160 intersect at right angles. 
On the outer surface of the polariZing plate 160, i.e., on 

the rear surface of the liquid crystal display device 151 
(loWer side of FIG. 16), a back light composed of, for 
example, a cold cathode tube (not shoWn) is formed. Adriver 
(not shoWn) Which controls an image signal is connected to 
the liquid crystal panels 152. The vieWer can see the image 
information as input into the liquid crystal panels 152 by 
modulating the light from the back light in accordance With 
the image data as input. 

Next, the method of manufacturing the liquid crystal 
display device 151 Will be explained. FIG. 17(a) through 
FIG. 17(c) and FIG. 18(a) through FIG. 18(e) are cross 
sectional vieWs shoWing the processes of manufacturing the 
liquid crystal display device 151. 

First, as shoWn in FIG. 17(a), a shielding members 161a 
is formed at a central portion With a predetermined Width in 
a lengthWise direction of the cut surface on the connecting 
side of the liquid crystal panels 152. Next, as shoWn in FIG. 
17(b), the liquid crystal panels 152 are connected in such a 
manner that respective shielding members 161a contact one 
another. Here, the shielding members 161a are connected so 
as to form a shielding ?lm 161. Next, in the state Where the 
liquid crystal panels 152 are connected via the shielding ?lm 
161 as shoWn in FIG. 17(b), and as shoWn in FIG. 18(a), a 
bonding material 158 having a viscosity in a range of from 
100 to 1000 cP is injected in the spacing formed betWeen the 
liquid crystal panels 152 so as to connect them. Thereafter, 
as shoWn in FIG. 18(b), the bonding material 158 is applied 
on the entire surface of the substrates of the liquid crystal 
panels 152. 

Next, as shoWn in FIG. 18(c), the reinforcing substrate 
157 and the liquid crystal panels 152 are connected via the 
bonding material 158. Here, the reinforcing substrate 157 is 
connected to the liquid crystal panels 152 gradually from 
one side so as not to enclose foams in the bonding material 
158. 
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Thereafter, as shown in FIG. 18(a'), the excessive bonding 
material 158a as being over?oWn from the spacing betWeen 
the liquid crystal panels 152 and the reinforcing substrate is 
removed. Thereafter, as shoWn in FIG. 18(6), an ultraviolet 
ray is projected to the bonding material 158 from the side of 
the rear surface of the reinforcing substrate 157 so as to 
harden the bonding material 158. 

HoWever, When adopting the described techniques, the 
folloWing problems (D and @ Would arise. 
(D In the conventional arrangement, in order to uniformly 

connect the liquid crystal panels 152 and the reinforcing 
substrate 157 so as not to enclose foams therein, over?oW of 
the bonding material 158 from the space betWeen the liquid 
crystal panels 152 and the reinforcing substrate 157 is 
required. Therefore, a large amount of the bonding material 
158 is required to connect the liquid crystal panels 152 and 
the reinforcing substrate 157. In this case, the amount of the 
bonding material 158 to be hardened is around 1/10 of the 
bonding material 158. In other Words, the amount of bond 
ing material 158a Which is Wasted is approximately 9/10 of 
the total amount of bonding material 158. 

Therefore, in the conventional technique, a substantial 
amount of bonding material 158 is Wasted. This increases 
manufacturing cost thereby resulting in an increase in the 
Wholesale and retail cost of the liquid crystal display device 
151. @ In the process of manufacturing the liquid crystal 
display device 151, an excessive amount of the bonding 
material 158a over?oWs from the peripheral portion of the 
space betWeen the liquid crystal panels 152 and the rein 
forcing substrate 157 each time a pair of liquid crystal panels 
152 is attached to a reinforcing substrate 157. Therefore, not 
only the process of removing the bonding material 158 as 
being over?ow, but also the process of removing excessive 
bonding material 158a adhering the liquid crystal panels 152 
and the reinforcing substrate 157, are required. 

Accordingly, in the process of connecting a pair of liquid 
crystal panels, to a reinforcing substrate the process of 
removing the excessive bonding material adhering the liquid 
crystal panel and the process of removing the bonding 
material over?oW at the peripheral portion of the bonding 
section are both required each time a multi-panel liquid 
crystal display device is manufactured. This signi?cantly 
decreases the ef?ciency and speed of the manufacturing 
process, thereby resulting in poor mass production quantity 
operability. As this causes a problem of loWering the 
throughput in the manufacturing process of the liquid crystal 
panel, Which results in poor mass production. 

Additionally, since in the conventional arrangement the 
bonding material Which connects the liquid crystal panels 
and the reinforcing substrate is exposed to the outside air at 
the peripheral portion of the bonding section, the desirable 
reliability of the bonding material cannot be obtained. over 
?oW at the peripheral portion of the bonding section are both 
required each time a multi-panel liquid crystal display 
device is manufactured. This signi?cantly decreases the 
ef?ciency and speed of the manufacturing process, thereby 
resulting in poor mass production quantity. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a large 
screen liquid crystal display device Which prevents a bond 
ing material hardening inferior and a display inferior in a 
display area due to the bonding material. 

In order to achieve the above object, a method of manu 
facturing a multi-panel liquid crystal display device of the 
present invention prepared by connecting a liquid crystal 
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4 
multi-panel having a plurality of display surfaces to a 
reinforcing substrate is characteriZed by comprising the 
steps of: 

(a) forming a pattern of a seal material on at least either 
one of a surface of the liquid crystal multi-panel and a 
surface of the reinforcing substrate; 

(b) connecting the liquid crystal multi-panel and the 
reinforcing substrate via the seal material; 

(c) injecting a bonding material into a spacing formed by 
the liquid crystal multi-panel, the reinforcing substrate and 
the seal material; and 

(d) hardening the bonding material. 
According to the described method of manufacturing a 

multi-panel liquid crystal display device, the plurality of 
liquid crystal panels are connected side to side, and, for 
example, after forming the protrusions and recessions on the 
surface of the reinforcing substrate on the opposite side of 
the plurality of liquid crystal panels, the reinforcing sub 
strate and the plurality of liquid crystal panels are connected 
via the bonding material. Here, the seal material is provided 
so as to surround the display area of the plurality of liquid 
crystal panels, thus forming a spacing betWeen the reinforc 
ing substrate and the plurality of liquid crystal panels. 
Thereafter, the bonding material is ?lled into the spacing 
through the bonding material injection hole; hoWever, as the 
bonding material is blocked by the seal material, the bonding 
material can be prevented from being over?oWn. 

Namely, according to the described arrangement, since 
the bonding material is ?lled into the spacing after connect 
ing the reinforcing substrate to the plurality of liquid crystal 
panels, the amount of use of the bonding material can be 
minimiZed. As described, the problem of Wasting bonding 
material that has to the outside or from being re?ned can be 
prevented. Therefore, the amount of use of the bonding 
material can be minimiZed, thereby avoiding a problem of an 
increase in the manufacturing cost. 
As described, since excessive bonding material can be 

prevented from being over?oWing to the outside, over?oW 
process of removing the bonding material and improved 
process of removing the excessive bonding material adher 
ing to the liquid crystal panel or the reinforcing substrate can 
be eliminated. Therefore, the described method offers an 
improved operability, the throughput in the manufacturing 
process. The method is also suited for mass production. 

Additionally, as the protrusions and recessions are formed 
either on the surface of the reinforcing substrate, or the 
surface of the liquid crystal multi-panel, the bonding mate 
rial can be ?lled into the spacing of the protrusions and 
recessions, and into the entire spacing With ease. As a result, 
it is no longer necessary to place the space holding member 
such as spacer, etc., into the spacing so as to prevent the 
reinforcing substrate from partially contacting the plurality 
of liquid crystal panels. Therefore, an improved display 
quality can be maintained Without placing the space holding 
member in the display area. 

In order to achieve the above object, a multi-panel liquid 
crystal display device of the present invention is character 
iZed by including: 

a liquid crystal multi-panel having a plurality of display 
surfaces; 

a reinforcing substrate to be connected to the liquid 
crystal multi-panel; 

a bonding material for connecting the liquid crystal multi 
panel and the reinforcing substrate; and 

a bonding material seal material formed so as to surround 
a periphery of a bonding layer made of the bonding material. 


























